To evaluate the clinical significance of gene expression-based classification and define the characteristic features of the new basal-like subtype, invasive breast carcinomas were divided into ER, HER2, basal-like and null subtypes by immunohistochemical analysis. A total of 401 invasive breast carcinomas were submitted to tissue microarray and stained with ER, HER2, EGFR, c-KIT and cytokeratin (CK) 5/6. The basal-like tumors, defined as positive for one or more basal markers but negative for both ER and HER2, comprised 18.5%. They were larger (p=0.041), showed higher grade (p<0.001), and more frequently expressed p53 (p=0.003). Expression of the basal marker itself showed negative prognostic effect, particularly in node-positive group. Even ER-positive patients had far shorter disease-free survival (DFS) when the tumor coexpressed one or more basal marker (p<0.001). Discrimination of basal-like subtype or tumors positive for basal markers may be clinically significant also in the treatment and prognosis of breast carcinomas.
Introduction
Invasive breast carcinoma is the most common cancer in women in the western world (1) . The incidence of this tumor has markedly increased in Korea during the last decade comprising 13% of all cancers, and it was the second most common cancer among Korean women between 1999 and 2001 (2) .
Breast cancer is a heterogeneous disease with an increasing number of recognizable biological markers. A considerable amount of useful prognostic information is available via careful histological examination and a limited number of immunohistochemical and molecular tests. For example, HER-2/neu gene amplification has been recognized as a factor of poor prognosis since Slamon reported its correlation with overall and disease-free survival (3) (4) (5) . HER-2/neu overexpression is also known as a predictor of responsiveness to anti-HER2 monoclonal antibodies, specific chemotherapeutic agents and anti-estrogenic treatment (6, 7) . Estrogen receptor (ER) is an established prognostic marker in breast cancer. ER expression is related to histologic grade, favorable clinical outcome and responsiveness to endocrine therapy. Recently, the technique of gene microarray has enabled classification of human cancers according to gene expression patterns, helping classify invasive breast carcinomas into several subgroups: ER-positive tumors (luminal A and luminal B types) and ER-negative tumors (HER2 + ER -, basal-like, and unclassified types) (8) (9) (10) (11) (12) (13) (14) . Among these subtypes, basal-like breast carcinoma has been identified as a distinct group with different clinical outcomes (12, 14) . The basal-like subtype usually expresses, on immunohistochemistry and/or gene microarray, CK5/6, CK14 and CK17 and more frequently coexpresses vimentin, EGFR, c-KIT and p53 rather than the luminal type (15, 18) .
The classification of breast cancers according to gene expression patterns is promising for providing considerable diversity for management options and predicting responsiveness to various therapeutic agents. However, routine use of cDNA microarray to characterize an individual case of breast carcinoma is not practical because of the requirement for fresh or frozen tissue and the high cost of the test itself. Thus, a simple and practical method of classification with the same result and clinical validity as gene microarray is needed. Several studies have suggested the immunohistochemistry performed on formalin-fixed and paraffin-embedded tissue sections could also apply the cDNA microarray-based classification conveniently (15) (16) (17) (18) (19) (20) (21) .
In this study, invasive breast carcinomas were classified into ER, HER2, basal-like, and null subtypes, derived from the gene expression profile study, using routine immunohistochemical studies on tissue microarray sections. In particularly, the basal-like subtype was closely evaluated for the clinicopathological characteristics and correlation with prognostic parameters. ONCOLOGY REPORTS 19: 617-625, 2008 617 Breast carcinomas expressing basal markers have poor clinical outcome regardless of estrogen receptor status
Materials and methods
Patients. Four hundred and twenty-nine women with invasive breast carcinoma between January 1992 and December 2004 were selected from the pathology files of Korea University Guro Hospital. All of them had undergone modified radical mastectomy, breast conserving operation, or excisional biopsy and had then received a diagnosis by histological examination. In 28 patients, the tissue cores obtained from the tumor sections contained an invasive cancer area <10% of the whole combined core areas and were excluded from the final analysis. Information about metastasis, recurrence and patient's survival was obtained from medical records. This study was approved by the Institutional Review Board of Korea University Guro Hospital.
Tissue microarray. The recipient blocks were made of purified agar in a 3.8x2.2 cm-sized frame. Holes 2 mm in diameter were made by a biopsy punch (Kai Industries Co., Ltd., Seki, Japan), and the agar cores were discarded. The donor blocks were prepared after microscopic evaluation of the hematoxylinand eosin-stained slides. Representative cancer areas were obtained from the matching donor blocks and transplanted into the recipient blocks. Two cores from different tumor areas were selected in each tumor. Each core was separately put into a different block. The recipient blocks were framed in the mold used for the conventional paraffin blocks, and paraffin was then added to the frame.
Immunohistochemistry. Tissue microarray sections (4-5 μm thick) were used for immunohistochemical analysis. Briefly, after deparaffinization and rehydration the tissue sections were processed for antigen retrieval by pressure cooking or enzymatic digestion. Non-specific reactivity was blocked with 0.3% H 2 O 2 in a buffer. The sections were incubated with primary antibodies for 2 h at room temperature. . After multiple washes with the buffer, the tissue sections were sequentially incubated for 30 min at room temperature with diluted biotinylated secondary antibody (1:500, Dako) and Vectastain Elite ABC reagent (Vector Laboratories, Inc., Burlingame, CA) diluted in phosphate-buffered saline (PBS). They were then examined after reaction with diaminobenzidine (Dako) and hematoxylin counterstain. Normal breast tissue was used as a positive control in each staining batch. The negative controls were obtained by omitting the primary antibodies.
Pathological examination and immunohistochemistry scoring. The histologic features and immunohistochemical profiles were reviewed by two pathologists. The grades of tumors were determined independently using the Nottingham histologic grades. The ER and PR stains were estimated according to the scoring system reported by Allred et al (22) .
Briefly, a proportion score was assigned that represented the estimated proportion of positive tumor cells on the entire core as follows: 0, none; 1, <1/100; 2, 1/100-1/10; 3, 1/10-1/3; 4, 1/3-2/3; and 5, >2/3. An intensity score was assigned that estimated the average staining intensity of positive tumor cells as follows: negative, 0; weak, 1; intermediate, 2; and strong, 3. The proportion score and intensity score were added to obtain a total score (ranging 0 and 2-8). A positive result was defined as the total score ≥3. As for the HER2 and EGFR interpretation, only cancer cells with well-defined membrane stain were evaluated for the determination of the percentages of HER2 and EGFR immunoreactive cells. Both were evaluated according to the HercepTest method (23) (24) (25) . Cores with over 10% of strong membrane staining were assigned score 3. Cores with over 10% moderate staining were assigned score 2. Cores with over 10% weak staining were assigned score 1. A positive result for HER2 was defined if the score was 3 while that for EGFR was defined if the score was 2 or 3. The CK 5/6 and c-KIT were interpreted as positive with any weak or strong cytoplasmic and/or membranous staining.
The tumors were classified into four different subgroups, i.e., ER, HER2, basal-like and null types, according to the immunohistochemical expression profiles of ER, HER2, EGFR, c-KIT and CK5/6 (17): 1, HER2 type: all the HER2-positive tumors; 2, ER type: all the ER-positive and HER2-negative tumors; 3, Basal-like type: tumors positive for any of the three basal markers, i.e., EGFR, c-KIT and CK5/6, among the ER-negative and HER2-negative ones; and 4, Null type: tumors negative for all the five markers used in the classification.
Statistical analysis. Statistical analysis was performed using SPSS 12.0 for Windows (SPSS, USA) and SAS 9.1.3 for Windows (SAS, USA). A χ 2 test or Fisher's exact test were used for determining the associations between the clinicopathological parameters and the immunohitochemical profiles of the breast cancers. Survival curves were calculated by the Kaplan-Meier method. The differences between survival rates were evaluated by the Peto and logrank test. P-values <0.05 were considered statistically significant. Immunohistochemical characteristics. Immunohistochemical stains for ER, HER2, EGFR, c-KIT and CK5/6 were performed to classify the tumors into subtypes based on the gene expression patterns reported by Sorlie et al (10, 17 Table I . Correlation between basal marker expression and other prognostic indicators of breast carcinomas. 
Results

Clinicopathological characteristics.
relation to other known prognostic indicators including ER and HER2 overexpression. The basal markers did not show any correlation with tumor size or lymph node status. However, the tumor grade positively correlated with each of the basal markers (p<0.001). While the EGFR and CK5/6 expression inversely correlated with ER and PR expression (p<0.001), no basal marker showed any relation to HER2/neu overexpression. The EGFR expression also correlated with p53 (p=0.038).
Breast carcinomas with medullary or metaplastic features and high grade ductal invasive carcinomas tend to be of the basal-like subtype. Table II displays the histologic subtypes of the breast carcinomas in relation to the gene expression pattern subtypes. Among the various histologic subtypes, medullary carcinoma and metaplastic carcinoma were composed of a higher proportion of basal-like tumors than the other types. Six out of eight medullary carcinomas (75.0%), two of three metaplastic carcinomas, and one mixed ductal and metaplastic carcinoma with squamous differentiation belonged to the basal-like subtype (Fig. 2) . Among the invasive ductal carcinomas, the basal-like subtype correlated with the histological grade. Sixty-one invasive ductal carcinoma NOS cases were of the basal-like subtype, of which 35 cases (37.7%) were of grade 3, 23 (37.7%) were of grade 2, and 3 (4.9%) were of grade 1.
The histological characteristics of the basal-like breast carcinomas are summarized in Table III . In general, basallike tumors were more likely to be of a higher grade than the other subtypes (p<0.001) with poor tubule formation, solid architecture with extensive geographic tumor necrosis, pleomorphic nuclei and high mitotic count (Fig. 2) .
The basal-like subtype correlated with factors of poor prognosis. In this study, the breast carcinomas were classified into four distinct subtypes, i.e., ER, HER2, basal-like and null, according to the immunohistochemical profile reflecting the gene expression pattern. Of the 401 tumors, 153 (38.2%) were ER type, 65 (16.2%) were HER2 type, 74 (18.5%) were basal-like type and 109 (7.3%) were null type. To clarify the prognostic impact of the subtypes based on the gene expression pattern analysis was performed to determine whether those subtypes were associated with previously known prognostic indicators such as tumor size, grade, hormone receptor status, p53 expression and Ki-67 proliferation index (Table IV) . The basal-like and null subtype tumors were more likely to be >2 cm (p=0.041). The basallike tumors were also more likely to be PR-negative (p<0.001) Table II . Correlation between histological and gene expression pattern-based subtypes of breast carcinomas. 
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in contrast to the ER type tumors, higher in histologic grade (p<0.001), and p53-positive (p=0.003).
Expression of a basal marker is associated with a poor clinical outcome in node-positive breast carcinomas.
In node-negative breast carcinomas, the Kaplan-Meier survival analysis showed the 5-year disease-free survival rates respectively to be 91.3, 75.0, 88.5 and 84.4% for the ER, HER2, basal-like and null subtypes without statistically significant difference (data not shown). In the node-positive group, however, the 5-year disease-free survival rates of basal-like and null subtypes were significantly shorter than those of ER and HER2 types (p=0.0372 by the Peto test) (Fig. 3) . In four patients with ER type tumors expressing one or more of the basal markers, the 5-year disease-free survival rate was far shorter than both of ER-positive/basal-negative and ERnegative groups (p<0.001 by the log-rank test), suggesting that the expression of the basal marker is associated with shorter survival regardless of the hormone receptor status of the tumor (Fig. 4) .
Discussion
Breast cancer is not homogeneous even within a single histological subtype. Invasive ductal carcinoma not otherwise specified (NOS) comprises about 79% of all invasive breast cancer cases. However, the biological and clinical characteristics of individual tumors, which may influence the patient's clinical course and outcome, are variable. For a better assessment and prediction of the cancer behaviors, a new classification scheme that clearly represents the characteristics may be required.
Analysis of gene expression patterns has classified various tumors into distinct clinically and biologically significant subgroups (26) (27) (28) (29) . Breast cancer has also been proved to be heterogeneous and is classified into several distinct groups based on the results of gene microarray analysis (10, 13, 27, (30) (31) (32) . Among the subgroups of breast cancer, the basal-like subtype has been newly defined, primarily based on the gene expression profile and was then proven to be associated with a poor prognosis by follow-up studies (10, 11, 14, 19, 21) . According to the accumulated data from previous studies, the basal-like subtype tends to be a high grade, solid tumor with a lack of tubule formation, high mitotic count and necrosis (16) . The result of this study also demonstrated the basal-like breast carcinomas as generally higher in histological grade, solid in growth pattern, and frequently correlated with medullary features or squamous differentiation. However, medullary or metaplastic carcinoma was not the most common histological type of basal-like tumors. The invasive ductal carcinoma NOS was the majority (61 out of 71 cases) of the basal-like breast carcinoma cases in the result of this study and composed a greater part of the previously-mentioned solid tumor with no tubule formation, higher nuclear grade, frequent mitoses and extensive geographic necrosis.
The basal-like subtype of breast carcinoma has been characterized by the gene expression of CK5, CK14, CK17, Table III . Histological characteristics of the basal-like breast carcinomas of various histologic subtypes. ------------------------------------------------------------------------------------------------- 
IDC, invasive ductal carcinoma; MC, medullary carcinoma; ILC, invasive lobular carcinoma.
c-KIT and EGFR, which are now generally considered as representative basal markers. Although the molecular techniques have remarkably advanced and are expected to play an important role in both clinical diagnosis and basic research, they have not arrived in routine clinical practices yet. Before gene microarray analysis was introduced, the ER or HER2 expression in breast cancer was routinely evaluated immunohistochemically as a predictive or prognostic marker (22, 33) . Since the description of the basal-like subtype of breast cancer based on the gene expression profile, it has been expected that recognition of this subtype would be important in clinical practice because of the association with poor prognosis and the potential for new target therapies. Many researchers have attempted the practical clinical application of the classification by an immunohistochemical approach in diagnostic pathology (14) (15) (16) (17) (18) (19) (20) . In one study, the known basal cytokeratins CK5 and CK14 were coexpressed in most, though not all, of the basal-like carcinomas (34) . CK8/18, although considered a luminal marker, was not helpful in differentiating luminal or ER subtypes from the basal-like subtype because the majority of breast cancers expressed CK8/18 regardless of their subtypes (34) . The basal cells in the ductal epithelium express CK17 and CK5/6 in normal breast tissue (21) . It is known that EGFR, an independent prognostic factor for breast cancer and a target for several drugs and therapeutic antibodies, is also frequently expressed in basal-like subtype cancers (16, (35) (36) (37) . EGFR was expressed in 15% of our cases and correlated with the expression of CK5/6. Although the gene expression analysis did not recognize it as a basal-subtype specific marker, EGFR seems also to be closely related with basal-like breast carcinoma. The expression rate of c-KIT, another basal marker, has been variously reported between 2.6 and 82% in invasive breast carcinomas (36, 38, 39) . This study revealed that c-KIT was strongly expressed in 2.2% and c-KIT expression was correlated with CK5/6 expression. Whether c-KIT and EGFR are valuable as immunohistochemical markers for the basal-like subtype of breast carcinoma remains to be confirmed, however, those variable expression patterns of different basal markers suggested the basal-like breast carcinoma could also be a heterogeneous group.
Nielsen et al reported that 22% of breast carcinomas belonged to the null subtype (17) . In this study, 7.3% of enrolled cases were included in the null subtype without expressing any of the five markers. It is possible that the tissue cores that were selected for tissue microarray were not truly representative of the case because of the heterogeneity within one tumor mass or that some of the null tumors should really ONCOLOGY REPORTS 19: 617-625, 2008 Table IV. Clinicopathologic characteristics of gene expression-based subtypes of breast carcinomas. --------------------------------------------------------------------------------------------------- 
be grouped as other types or the basal-like subtype if other markers for tumor classification had been included as in the study of Laakso et al, in which an antibody cocktail CK5/ CK14/p63 for basal-like breast carcinoma was used (34, 40) . Correct identification of the basal-like subtype by immunohistochemistry may still need further trials regarding adequate selection of basal markers.
The basal-like subtype of breast carcinoma has been considered to be correlated with factors of poor prognosis such as a large tumor size, a high histological grade, a lack of hormone receptors ER and/or PR, and p53 overexpression (41) . In this study, patients with basal-like breast cancer showed shorter disease-free survival than those with ER or HER2 subtypes. Furthermore, the expression of basal marker seemed itself to have a negative effect on prognosis, partially supported by the observation that in patients with metastatic lymph nodes the disease-free survival of the basal markerpositive cases was shorter than that of negative cases irrespective of their ER status. We hypothesized that the expression of basal markers could be associated with a tolerance against the selective estrogen receptor modulators.
In summary, this study confirmed that the basal-like breast carcinomas were correlated with other well-known factors of poor prognosis such as tumor size, grade, hormonal receptor status and p53 expression. Furthermore, it was observed that even in tumors expressing ER the presence of one or more basal markers had a negative prognostic effect particularly within the node-positive group. Conclusively the determination of the basal-like subtype or the expression of basal markers may be an important pathological examination to properly guide the management of breast cancer patients. The pathological parameters, immunohistochemical markers and techniques to define the basal-like subtype of breast carcinoma should be further clarified. 
